We have tested the hypothesis that intradermal testing is a more effective method for determining the drug responsible for anaesthetic anaphylactic reactions than prick testing in 212 consecutive patients, aged more than 10 yr, referred to an anaesthetic allergy clinic over a 4-yr period. The study was a prospective, non-randomized design. Intradermal testing was conducted using a previously described method and diluted drugs, and prick testing using undiluted drugs (with the exception of opioid analgesics which were diluted 1:10). The tests were performed on individual patients' forearms on the same occasion. Patients were followed-up to determine the results of subsequent anaesthesia and the difference between tests was analysed using kappa and tau statistics. There was 93% agreement overall between the paired tests. Which test detected the drug responsible was dependent on diagnostic criteria for positivity. The differences between the tests were not statistically significant. Using both tests improved predictability by 67% (tau:0.67, P:0.001). We conclude that in the absence of data to support one test being superior, other factors influence the choice of test. Prick testing was cheaper, and the reduction in pain and trauma with prick testing makes it more suitable for children. However, there are no data available on the safety of subsequent anaesthesia based on the results of prick testing alone, and reliability with time has not been assessed. Intradermal testing may be easier for the infrequent user. Skin testing is valuable in the investigation of anaesthetic anaphylaxis whichever test is chosen. When there is doubt both tests should be performed. (Br.
The use of skin testing to verify the anaphylactic aetiology of an adverse event during anaesthesia, establish the drug responsible and predict the safety of alternative drugs has been validated in several studies. [1] [2] [3] [4] [5] [6] [7] The high incidence of positive radioimmunoassay (RIA) tests for specific IgE to induction agents and neuromuscular blocking drugs in patients with positive skin tests 8 9 suggests that these tests demonstrate IgE antibodies to drugs which give positive tests and that the reactions in which the tests are positive are IgE-mediated. Controversy persists as to the best method of skin testing. Intradermal testing has been used in the majority of studies, although three studies have demonstrated that prick testing has a similar efficacy. [10] [11] [12] In a prospective comparison of prick and intradermal testing in the same patients, Leynadier and colleagues 11 suggested that prick testing was the better test although seven of 50 reactors with positive intradermal tests had negative prick tests. Laxenaire and colleagues found no difference in the results in 34 patients using serial dilutions of drugs. 10 To evaluate these tests further, we have investigated prospectively 212 patients referred to an anaesthetic allergy clinic for investigation of possible anaesthetic allergy.
Patients and methods
Over a 4-yr period, we investigated 212 consecutive adult patients referred to the anaesthetic allergy clinic. Children less than 10 yr of age and patients who allegedly reacted to local anaesthesia were excluded. The hospital Ethics Committees did not require informed consent for testing as it was considered that both tests were valid diagnostic tests.
For intradermal testing, drugs were freshly diluted in normal saline the day of the test and testing was performed using a design described previously. Table 1 shows the dilutions used for the first 102 patients (group I) and the second 110 patients in whom dilutions of the neuromuscular blocking drugs were increased (group II) to determine if this affected the results of testing. All drugs used before the reactions were tested, and in the case of neuromuscular blocking agents the other available blockers were tested. This availability varied over the course of the study. Gallamine was used only if it had been administered before the reaction.
For prick testing, the drug solution was placed on the ventral aspect of the forearm and the epidermis pricked through the solution using a 25-gauge needle, bevel uppermost at 45ЊC to the skin, to a depth at which the skin could be lifted. Morphine, papaveretum and pethidine were diluted 1:10 in saline as preliminary studies suggested that false positives were caused by these drugs if undiluted. All other drugs were undiluted (table 1) .
For intradermal testing, a positive result was recorded for a persistent wheal of greater than 0.8 cm and for the prick testing a positive result was recorded for a wheal of greater that 0.4 cm. If the test was positive for a drug administered before the reaction being investigated the result was recorded as diagnostic, that is caused by that drug. The agreement between tests was assessed statistically using Kappa 13 14 and Tau 15 tests. All patients were given a letter describing the event and the results of testing, and details of subsequent anaesthesia were sought.
The patients were divided in four groups: minor reactions-29 patients had reactions confined to the skin, or systemic reactions which resolved rapidly without treatment; severe reactions-135 patients had systemic reactions requiring treatment with vasoactive drugs; 129 of these were felt by the anaesthetist to have been life threatening; preoperative-13 patients were referred because of multiple allergies and were to undergo anaesthesia; not anaphylactic-35 patients had single system reactions in which another cause (assessed by an independent physician from the history) was likely.
Results
The results for all patients are shown in table 2. Overall there was agreement for 1294 (93%) comparisons and disagreement for 98 (7%); there was no significant difference between the agreement in the different groups.
The highest diagnostic yield was in patients with severe reactions in which a diagnosis was made in 116 of 135 patients. The majority of these patients reacted to neuromuscular blocking drugs (93 patients), and the other drugs implicated by skin testing were induction agents (13 patients), induction agent with neuromuscular blocking agent (two patients), antibiotics (three patients) opioid analgesics (three patients) and Haemaccel (two patients). Intradermal testing in this group was positive for more drugs than prick testing overall, but less when prick test results were considered positive if wheal size was less than 4 mm (table 3) . This increase with prick testing was not statistically significant. The agreement between intradermal and prick teasing was substantial in the severe group (kappa:0.7) and excellent overall (kappa:0.8).
In spite of this degree of agreement, the tau analysis suggested a 50% reduction in predictive error if both tests were used in the severe group (tau:0.5, P:0.001) and a reduction in predictive error of 67% if both tests were used in all patients (tau:0.67, P:0.001).
The majority of disagreement in reactions to neuromuscular blocking drugs was not in the drug responsible but in the detection of cross sensitivity to other neuromuscular blocking agents. In the severe group of patients, increasing the concentration of neuromuscular blocking agent did not alter significantly the diagnostic yield of the test (kappa:0.73 vs kappa:0.68) (table 4).
Details of subsequent anaesthesia were obtained in 124 patients (table 5) . One patient had a second reaction. This patient, who reacted to pancuronium, had positive prick and intradermal tests to pancuronium and a subsequent reaction to which we attributed to alcuronium on the basis of history. Both tests were negative for alcuronium after both reactions. One patient had a minor systemic reaction after testing with thiopentone and histamine only, and this responded to adrenaline 0.2 mg s.c.
Discussion
The major problem with studies of this nature is that there is no absolute measure with which to compare the results. 16 Thus when there is disagreement it is not possible to tell which test is correct, without subjecting the patient to the hazards of challenge. As RIA tests are less sensitive and specific than skin tests, 16 they are not suitable to discriminate between tests which disagree, although when positive for an individual drug they add support to the skin test diagnosis.
We have shown previously that basing subsequent anaesthesia on diagnosis and detection of cross sensitivity from intradermal testing is usually reliable, with only three anaphylactic reactions in subsequent anaesthesia in 234 patients who had lifethreatening reactions before testing. 16 The data from this study confirm that in patients with anaphylaxis during anaesthesia, subsequent anaesthesia based on the results of prick and intradermal testing is usually, but not always, safe. There have been no published studies showing the safety or otherwise of subsequent anaesthesia based on the results of prick tests alone.
Galletly 17 suggested that the dilutions chosen in our studies for intradermal testing (which were chosen by determining dilutions that did not cause wheals as a result of direct histamine release in volunteers) were greater than necessary. This could be a source of false negative results. Increasing the concentrations of neuromuscular blocking agents for intradermal testing did not significantly alter the diagnostic value of the test but increased the discrepancy between prick and intradermal tests for other neuromuscular blocking agents. The majority of this increase was related to reactions to the potent cutaneous histamine releasers tubocurarine and atracurium.
The diagnostic criteria for positivity were fulfilled more often by intradermal testing than by prick testing when a positive result for prick testing was a wheal greater than 4 mm. Moneret Vautrin and Laxenaire 18 have suggested that any wheal should be considered positive for prick testing and, using this criterion, prick testing produced a diagnostic result more commonly than intradermal testing. It cannot be determined however whether this was an increase in false positives or true allergy detected. Both tests produced more diagnoses than each test alone, and the statistical analysis suggested the safety of subsequent anaesthesia would be improved by performing both tests.
There is little to choose between each test on the basis of the above data in which a single intradermal test was used for each drug, rather than the serial dilutions used in the French study which showed 100% agreement in 38 patients. 10 It is possible that using serial dilutions rather than a single injection would increase the diagnostic value of intradermal testing even further. 10 18 Prick testing has advantages over intradermal testing: it is cheaper than intradermal testing (by approximately 25% in our unit); the reduced pain and trauma of prick testing makes it more suitable for use in children; and it is said to be safer. 18 There are no data to support this view for anaesthetic drugs. Indeed the low incidence of systemic reactions to skin testing after anaesthetic reactions (three in more than 1200 patients in our series) would imply that a very large study is necessary to show a significant difference.
It has been suggested that intradermal tests are more likely to produce false positives than prick tests. 18 This would favour the use of intradermal tests, as a false positive test inconveniences the anaesthetist and does not carry the risk of anaphylaxis of a false negative test. 8 Intradermal testing is more reliable in propofol reactions. 19 Intradermal testing has been validated in repeat studies over time 20 21 but no data are available for prick testing. The study of Leynadier, Sansarricq and Dry 21 suggested that the persistence of positive tests was insufficiently reliable on which to base subsequent drug selection and further preoperative skin tests should be performed, but our own study 20 and the anaesthetic follow-up of allergic patients, 16 suggest that the positive tests persist for up to 30 yr and preoperative testing is only mandatory if untested drugs to which the patient may show cross sensitivity are to be used.
One other practical factor worthy of consideration is ease of performance. We believe that the anaesthetist who is not regularly testing patients would find intradermal testing easier to perform and interpret.
It is important to emphasize that history is also very important in the follow-up of patients with possible anaesthetic allergy. In 19 patients with a severe reaction in whom a diagnosis was not made with skin testing, a diagnosis could be made from history or RIA testing in 17 of 19 cases. In six patients with a negative skin test, the diagnosis could be made from the history as only one drug was administered within 10 min of the reaction. Two patients had negative cutaneous responses to histamine controls and had a diagnosis made by RIA testing. One patient who had previous skin and RIA testing was re-tested 7 yr later and all tests were negative; we concluded that sensitivity had been lost. Two patients had strongly positive RIA and skin tests for neuromuscular blocking agents other than the one administered and one patient who had reacted to decamethonium and suxamethonium on separate occasions had strongly positive RIA to suxamethonium and positive skin tests to decamethonium only. She was not re-tested with decamethonium as it is no longer available. (She has subsequently had a positive intradermal test to suxamethonium 3 yr later.) In these three patients we suggested that all positive drugs and the one used should be avoided.
Three other patients had intradermal tests implicating a drug used, but not reaching the criterion for positivity in this study, and were warned against the drugs suggested. One patient had a negative mast cell tryptase test and negative skin tests, making an anaphylactic aetiology unlikely. One patient, who was tested only for thiopentone and histamine as thiopentone was the sole agent used, had negative skin tests but a mild anaphylactic reaction. In only two patients who had severe reactions could no aetiological agent be found. Both of these patients and 15 of the others who did not the meet criteria for positive skin tests have undergone subsequent uneventful anaesthesia.
In patients referred before operation, one patient had a positive prick test but not intradermal test to three drugs and one patient had a positive intradermal test but not a prick test to three neuromuscular blocking agents. These drugs were avoided for anaesthesia which was uneventful in all patients.
We conclude that patients who have severe reactions during anaesthesia which might be allergic should undergo skin testing. There was no significant difference in the reliability of diagnostic yield of intradermal or prick testing, and the choice of test could be based on other factors such as age of the patient, cost, ease of performance, unreliability of prick testing with propofol, lack of data on reliability of prick testing with time and outcome of subsequent anaesthesia in allergic patients when drug choice is based on prick testing. If the results of either test is negative or equivocal, intradermal and RIA testing should be performed. Where there are conflicting results all drugs which give positive tests by either method should be avoided.
The results of skin testing should be communicated in a letter stating drugs given, what happened, results and conclusions. The results of subsequent anaesthesia should be documented in the patient's letter and the file letter.
In reactions to neuromuscular blocking agents, the results agreed better for detecting the drug responsible for a reaction than determining cross sensitivity to other neuromuscular blocking drugs. It is sensible to suggest avoiding all neuromuscular blocking agents that may be positive as cross sensitivity occurs in 60% of patients. 16 22 Safe subsequent anaesthesia is usual but not guaranteed when patients, who have had adverse reactions which may be allergic, receive drugs suggested to be safe on the basis of skin tests and history.
